Several automated, compact sampling platforms have recently been developed or are gaining widespread use in Naval operations and oceanographic research for mapping environmental parameters in multiple dimensions. In addition to limited sensor payloads, many of these platforms are intended for extended deployments. Sensors compatible with these platforms must therefore be compact, low power, and able to accommodate effective anti-biofouling measures. Developing optical sensors with these qualities for use in Naval operations and oceanographic research is a core long term goal. A related long term goal is developing and implementing inversion algorithms that use optical measurements from gliders and other deployment platforms to derive biogeochemical properties of seawater constituents.
APPROACH
We used a pair of gliders outfitted with Scattering-Attenuation Meters (SAMs) and backscattering sensors to spatially map the presence of nepheloid layers at the Martha's Vineyard Coastal Observatory (MVCO) during a coordinated experiment with ONR investigators involved in the OASIS program. Measurements complement a series of fixed platform observations currently being made at MVCO. Spatial maps of attenuation and backscattering are being inverted to derive particle composition parameters within nepheloid layers. Inversion algorithms include the Twardowski et al. (2001) algorithm to derive bulk particle refractive index from the backscattering ratio and Twardowski and Zaneveld (2004) approximations to derive mineral and organic particulate material fractions. Analyses of glider optical data from other deployments around the globe are also being carried out to better understand the properties of bottom nepheloid layers.
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WORK COMPLETED
• Gliders with optical sensors were flown during the Fall 2005 MVCO deployment into FY06, a time period that included a proximal pass by Tropical Storm Ophelia. Optical data from the gliders were processed, derived parameters to describe particle composition as detailed above were computed, and the data were distributed to PIs collaborating on the project. Vertical profile data were also collected with conventional IOP and hydrographic instrumentation in the vicinity of the glider deployments. Vertical profile data were processed, derived parameters to describe particle composition as detailed above were computed, and the data were distributed to PIs collaborating on the project.
• After the MVCO deployments, SAM sensors that were deployed were calibrated in the lab. Results from subsequent deployments in very clear waters off Hawaii led to an updating of the processing protocol for the SAM data.
RESULTS
Vicarious calibration of attenuation and backscattering with coincident vertical profile data was successfully carried out, with calibrations providing matched data across the entire dynamic range sampled (about 1 order of magnitude) ( Fig. 1) . For the backscattering measurement, the calibration was S1*0.00002-0.003, where S1 is the raw signal in digital counts. For the attenuation measurement, the calibration was ln(S1/S2)*0.88-0.28, where S1 and S2 are both the raw signals from the SAM (short and long pathlength, respectively).
The attenuation calibration was applied to the entire RU05 28 d deployment (Fig. 2) . A bottom nepheloid layer with increased attenuation relative to the overlying water column is present throughout the sampling period. Occasional episodes of increasing and near uniform attenuation throughout the full water column are observed that in some cases appear associated with strong surface winds and water column mixing. These episodes could be associated with localized resuspension or resuspension occurring in water elsewhere that was then advected into the study area. After Sept. 29, either the sensor became fouled or there was very strong attenuation sustained throughout the water column, outside of the measurable range.
The backscattering calibration was applied to the entire RU05 28 d deployment (Fig. 3) . The same strong signal in the bottom nepheloid was observed throughout the period, with a similar overall pattern to that observed for attenuation. The relative increase in the nepheloid layer was greater than that for attenuation, however, as evidenced in the ratio of backscattering to attenuation (Fig. 4) . This ratio is sensitive to changes in particle composition, where increases in the ratio tend to be correlated with increases in particle density (i.e., a larger proportion of suspended mineral particles; see Twardowski et al. 2001 ).
Higher ratios are observed in the bottom nepheloid layer, indicative of a higher relative mineral contribution and a local source, i.e., bottom suspension. Typical ratios of ~0.005 to 0.015 in the overlying water column are typical for coastal waters with particle populations composed of a mixture of "soft" organic particles such as organisms and detrital material and "hard" mineral particles (Twardowski et al. 2001; Boss et al. 2004; Sullivan et al. 2005) . When ratios approach 0.005 and below, the population is essentially dominated by living and dead organic particles with substantial interstitial water content. In the bottom nepheloid layer, ratios reach 0.04 in some cases. This is indicative of minerals completely dominating the particle population.
Glider diver visibility was computed from attenuation using the Zaneveld and Pegau (2001) algorithm: 4.8/(cpg650*1.18+0.081). Visibility was always lowest, from ~1 to 6 m, in the ubiquitous bottom boundary layer. During the full water column mixing events, the entire water volume experienced this limited visibility. During periods of stratification, however, the water column overlying the bottom boundary layer exhibited excellent visibilities, from 20 to greater than 30 m.
With both SAM polarized scattering measurements and ECO-BB unpolarized measurements on the glider, the depolarization ratio could be investigated. Theory predicts that the depolarization ratio should be linked to the particle size distribution, where as the ratio increases, approaching its maximum value of 1, small particles should become more important. Preliminary data and analysis showed some promise, but the dependence on the depolarization ratio seemed very weak. Additionally, results from the analysis could not reliably be validated with our current data sets. This is a topic of interest for subsequent deployments.
IMPACT/APPLICATIONS
Progress and results represent important steps toward understanding the optics and dynamics of bottom turbidity layers for Naval operations and oceanographic research. Measurements of Inherent Optical Properties, including attenuation and backscattering, on glider AUVs within bottom nepheloid layers have impacts on several Naval applications, including diver visibility and vulnerability, harbor and port defense and security, debris field mapping, and predicting the performance of active and passive optical MCM identification systems. These measurements are also widely used in research applications for determining particle concentration, particle composition, and water clarity. 
TRANSITIONS
We expect that our efforts in developing optical sensors for AUVs and associated biogeochemical inversion techniques will lead to transition of these optical sensors into operational tools for the fleet and the oceanographic research community in the future. The Naval Oceanographic Office is currently interested in applying this technology to map environmental properties in nepheloid layers and beyond.
RELATED PROJECTS
This effort is an extension of ongoing efforts to develop compact optical sensors for AUVs and associated biogeochemical inversion techniques. Related projects include:
• developing a compact total scattering meter for AUVs,
• developing a VSF measurement device called the Multiple Angle SCattering and Optical Transmission (MASCOT) sensor,
• developing novel harbor security monitoring capabilities with Chuck Trees and Jim Mueller,
• developing improved vicarious calibration and validation methods for ocean color satellite remote sensing,
• investigating the sources of backscattering in natural waters with Ron Zaneveld, Heidi Dierssen, and Jim Sullivan, and
• developing tools for ocean observing systems in collaboration with Andrew Barnard, Percy Donaghay, and Jim Sullivan.
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